Background: Lowering the likelihood of hospitalization in older adults is a major public health goal for modern health care systems. Emerging data suggest that financial literacy is an important determinant of health outcomes in old age, but the relationship with hospitalization has not been explored.
L iteracy, the ability to identify, understand, and use pertinent written materials to function optimally in society, is found at low levels in older age groups 1, 2 There is a growing body of evidence that low literacy may pose a threat to the health and well-being of older adults in America. [3] [4] [5] [6] Financial literacy-the ability to access, understand, and utilize financial information and concepts [6] [7] [8] -is one specific domain of literacy that is essential to maintaining independence and quality of life as we age, especially as the proportion of the life span spent postretirement and living on savings and government subsidies continues to increase. To date, much of the research on financial literacy has focused on financial outcomes such as saving and investment behavior, and planning for retirement [8] [9] [10] ; however, there is a growing body of literature relating financial literacy to health outcomes, such as self-reported health status, psychological well-being, 11 disability and mental health. 5 One important outcome that has yet to be carefully examined in the context of financial literacy is hospitalization.
Although clearly an indicator of health status, hospitalization can be the product of complex decision making processes that involve weighing health benefits against risk of cognitive, psychological, and functional impairments in older patients, [12] [13] [14] [15] as well as financial considerations. In the long term, these considerations include using financial resources to engage in health promoting behaviors such as eating healthier and exercising, which could reduce risk of hospitalization through better health. Persons with better financial literacy thus may have a lower risk of hospitalization as a result of better health practices over time. In the shorter term, particularly in the case of elective procedures, decisions regarding hospitalization may be influenced by considerations about medical finances, such as whether a procedure is covered by the insurance provider (Medicare, in the case of most older Americans), deductibles and out-of-pocket costs, as well as balancing time away from work and other roles. More financially literate older adults may be better equipped to weigh such financial considerations and their consequences. Thus, whether through improved health or better decision making about medical finances, financial literacy may represent a modifiable risk factor for hospitalization at older ages.
Exploring whether financial literacy may be related to a lower likelihood of hospitalization could have a major public health impact for older adults, as Americans over age 65 make up one third of all US hospitalizations each year. 16 Further, hospitalizations among older adults are extremely costly to the American health care system 17 and one of the goals of the Affordable Care Act is to reduce hospital readmission for older Americans. 18 A small handful of studies have shown that low health literacy, the ability to read and comprehend basic medical and health-related materials such as prescription bottles, 19 is high among hospital patients 20 and related to increased risk for hospitalization. 19, 21, 22 We seek to extend these findings to the domain of financial literacy and examine the relationship between financial literacy and hospitalization prospectively in older persons living in the community.
METHODS
Participants in this study were enrolled in the Rush Memory and Aging Project, a longitudinal study of aging that recruits older adults without known dementia at the time of enrollment from > 40 senior housing facilities and retirement communities in the greater Chicago area, plus individual homes. 23 Participation requires annual clinical evaluation and interview, and organ donation at the time of death. The study was approved by the Institutional Review Board of the Rush University Medical Center and informed consent was obtained from each participant following a review of the risks and benefits of study participation. The request for Medicare records was reviewed and approved by the Center for Medicare and Medicaid Services (CMS) Privacy Board and research identifiable files were shared through a signed data use agreement with CMS.
The Rush Memory and Aging Project began in 1997 and enrollment is ongoing. The assessment of financial literacy was added to the Memory and Aging Project battery in 2008. In 2012, Medicare records for the years 1999-2010 were requested from CMS for all participants enrolled in the Memory and Aging Project at that time, and were successfully obtained for 85% of all participants, including 667 persons who had completed the financial literacy assessment. Eligibility for these analyses required at least 1 year of eligible Medicare Part A claims records after a financial literacy assessment, and the absence of dementia at the time of literacy assessment. Of the 667 for which financial literacy and Medicare data were available, 243 were excluded from analyses because they did not have a financial literacy assessment until after their last year of available Medicare data, 21 were excluded because their initial reason for Medicare enrollment was end stage renal disease or early disability (to isolate persons who enrolled in Medicare due reaching age 65 rather than illness), and 15 were excluded because they did not have at least 1 consecutive 12-month period of Medicare Part A coverage; this left 388 persons eligible for analyses with at least 1 year of Medicare records after a financial literacy assessment. Of these 388 participants, 83 of them had mild cognitive impairment (MCI) at first literacy assessment and the rest had no overt cognitive impairment.
Assessment of Financial Literacy
Financial literacy was assessed using a 23-question assessment. 5, 6 Many of the items were derived from the Health and Retirement Survey. 9, 24 These items required the performance of simple calculations (numeracy) or knowledge of financial concepts (eg, stocks, bonds, and compound interest; ie, conceptual knowledge). Item format was either multiple choice or true/false, and each item was scored as correct or incorrect. Subscales for conceptual knowledge (12 items) and numeracy (8 items) were created based on the corresponding items; 3 items were left out of these subscales as they required both numeracy skills and conceptual knowledge (see Appendix, Supplemental Digital Content 1, http://links.lww.com/MLR/B582 for items). The 23-item measure of financial literacy evidenced adequate internal consistency (Cronbach's coefficient α = 0.78); the conceptual knowledge subscale evidenced Cronbach's coefficient α = 0.73 and the numeracy subscale evidenced Cronbach's coefficient α = 0.53. In terms of validity, higher financial literacy scores have been associated with better health care and financial decision making, 6 more frequent participation in activities, and better cognition, daily functioning, and mental health in previous work from this cohort. 5 The financial literacy assessment tool was originally published as part of a larger literacy assessment instrument, which included questions on health literacy and did not indicate the items specific to each subscale (permission to republish granted by S. Karger AG, Medical and Scientific Publishers, Basel, Switzerland). 6 The health literacy assessment was not added to the Memory and Aging Project battery until 2010 and thus did not overlap with available Medicare records; we therefore were not able to include health literacy in this analysis.
Assessment of Hospitalizations Using Medicare Claims Records
Data on hospitalizations came from Medicare Part A beneficiary records obtained from CMS for Memory and Aging Project participants through the Research Data Assistance Center (ResDAC) research identifiable files request system. 25 Information on years of Medicare coverage came from the master beneficiary summary file, and data on hospitalizations came from the Medicare provider analysis and review (MedPAR) file, which concatenates all claims for a single hospitalization into a single record; multiple hospitalization records for each participant were possible in any year of follow-up. A hospitalization in the MedPAR file is defined as any inpatient hospital admission including both overnight stays and discharges on the same day as admission. Hospital admissions were defined as either elective (patient's condition permitted adequate time to schedule the availability of suitable accommodations), urgent (patient required immediate attention for the care and treatment of a physical or mental disorder), or emergency (patient required immediate medical intervention as a result of severe, life threatening, or potentially disabling conditions; generally, admitted through emergency room). For this analysis, urgent and emergency admissions were combined as nonelective hospitalizations.
Cognitive Evaluation and Clinical Diagnoses
Cognitive function was assessed annually via a battery of 21 standard tests, including the mini mental state examination to describe the cohort. The scores for 19 of these tests were z-transformed and then averaged to compute a score for global cognitive function as described in detail previously. 26 Clinical diagnoses of dementia were conducted at each evaluation using a 3 stage process including computer scoring of neurobehavioral tests, clinical judgment by an experienced neuropsychologist, and diagnostic classification by an experienced clinician, as previously described. 27 Diagnosis of dementia and probable AD followed the criteria of the joint working group of the National Institute of Neurologic and Communicative Disorders and Stroke and the Alzheimer's Disease and Related Disorders Association. 28 A diagnosis of MCI was rendered for individuals found to have cognitive impairment by the neuropsychologist but who did not meet criteria for dementia. 29 
Other Covariates
Income was measured using the show card methodology, 27 in which participants were shown a card with 10 possible categories representing their income and asked to choose the corresponding level, from 1: $0-$4999 to 10: > $75,000. Physical activity was assessed using questions adapted from the 1985 Health Interview Survey; as described previously, the variable measures the self-reported sum of hours per week that the participant engages in 5 categories of activities: walking for exercise, gardening or yard work, calisthenics/exercise, bicycle riding (including stationary), swimming/water exercises. 30 Body mass index (BMI) was calculated as weight in kilograms divided by height in meters squared. Smoking (never, former, or current) was assessed by self-report. Social network size is the self-reported number of children, family, and friends seen at least once a month. 31 The number of 7 common chronic medical conditions (diabetes mellitus, hypertension, heart disease, cancer, thyroid disease, head injury, and stroke) was assessed via self-report. 30 Difficulties with basic activities of daily living were assessed using a modified version of the Katz Index 32 in which participants rated their ability to perform (no help, help, unable to do) 6 activities: feeding, bathing, dressing, toileting, transferring, and walking across a small room. Difficulties with instrumental activities of daily living (IADLs) were assessed using items from the Duke Older Americans Resources and Services project, 33 in which participants rated their ability to perform (no help, help, unable to do) 8 activities: telephone use, meal preparation, money management, medication management, light and heavy housekeeping, shopping, and local travel. Depressive symptoms were measured using a 10-item version of the Center for Epidemiologic Studies of Depression scale. 34 
Statistical Analyses
We first examined the distributions of baseline financial literacy and hospitalizations and tested bivariate associations of variables with hospitalization using analysis of variance and the Fisher exact test statistics. We also examined the correlations of the entire financial literacy scale and the 2 subscales with each other and with covariates using the Pearson, or in the case of ordinal covariates, Spearman correlations; analysis of variance was used to examine dichotomous distributions by sex and smoking. To test for an association between financial literacy and hospitalization, we fit modified Poisson regression models with hospitalization over follow-up (yes vs. no) as the outcome variable and terms for financial literacy, age, sex, and education. The modified Poisson regression with log link function and robust error variance (sandwich estimation) approach provides a direct estimate of relative risk (RR) and valid (ie, not overly wide) confidence intervals (CIs) for binary outcomes. 35 To test whether the association was independent of differences in cognitive ability, we then fit a model with an additional term for global cognitive function. To further adjust for the influence of financial resources, health behaviors, and health status, we then fit a single model with additional terms for income, physical activities, BMI, smoking, social network size, chronic medical conditions, basic and IADLs disability, and depressive symptoms. We also report on a model with only covariates chosen through backwards stepwise selection. In a follow-up model that incorporated information on multiple hospitalizations, we fit Poisson regression models with number of hospitalizations as the outcome variable, with terms for financial literacy, as well as all of the covariates.
Secondary analyses were performed to test a number of supporting hypotheses. To ensure that findings were not driven by persons with preclinical dementia, we removed persons with MCI and repeated the model with all covariates described in the previous paragraph. We then examined subscales of financial literacy to determine whether numeracy or knowledge of financial concepts and institutions were driving the hypothesized association between financial literacy and hospitalizations. To do this, we replaced the financial literacy score with terms for the numeracy and conceptual knowledge subscales first in separate models and then in a single model, with all covariates. Finally, to test whether there was evidence of a stronger relationship between financial literacy and elective hospitalizations than nonelective hospitalizations, analyses were repeated with each type of hospital admission as the outcome and all covariates. All analyses, including model diagnostics such as tests for collinearity, were performed in SAS 9.4. 36 
RESULTS
The 388 participants had an average of 1.8 (SD = 0.7) years of complete Medicare claims records after their initial financial literacy assessment, and 117 (30%) were hospitalized at least once. Of the 117 who were hospitalized, 38 (32%) were hospitalized more than once, with a mean of 1.6 (SD = 1.1) hospitalizations (range, 1-6). The average length of hospital stay was 4.2 (SD = 3.7) days. There were a total of 183 hospitalizations over follow-up, and 29 (15.8%) of them were elective admissions. Those who were hospitalized were on average older, had more basic activities of daily living and IADL difficulties, and had lower levels of financial literacy (Table 1) . Participants who were hospitalized scored lower on the conceptual knowledge subscale on average, but not on the numeracy subscale. Correlations between the financial literacy scale and the numeracy and institutional knowledge subscales are presented in Table 2 , along with the bivariate correlations with covariates.
We examined the association of financial literacy with hospitalization via modified Poisson regression models adjusted for factors that could potentially influence the association. First, in a model adjusted for demographics (age, sex, and education), better financial literacy was associated with lower risk of hospitalization (Table 3 , model 1). Next, we added a term for global cognitive function. In this model, the association of financial literacy and hospitalization was essentially the same (Table 3 , model 2). To further adjust for financial resources, health behavior, and health status, we added terms for income, physical activities, BMI, smoking, social network size, chronic medical conditions, basic and IADLs disability, and depressive symptoms, to the model; the association was virtually unchanged (Table 3 , model 3). In this fully adjusted model, financial literacy, age, and instrumental disability were the only variables associated with hospitalization. To quantify the association of interest from the fully adjusted model, 1 SD higher financial literacy score (1 SD = 4.03) was associated with a 35% lower risk of hospitalization compared with the mean (95% CI, 19%-48%), which is equivalent to the lower risk of hospitalization associated with being 14.5 years younger in age. Using backwards stepwise regression, the only terms that were significantly associated with hospitalization were financial literacy and IADLs, and the magnitude of the association for financial literacy was essentially the same (RR = 0.92; 95% CI, 0.88-0.96). In a Poisson model with all covariates in which the count of total hospitalizations was the outcome, the association of financial literacy with risk of hospitalization was similar (RR = 0.89; 95% CI, 0.84-0.94).
To determine whether results were driven by the inclusion of persons with preclinical dementia, we repeated the *From show card method with 10 levels of income ranging from 1: $0-$4999 to 10: > $75,000; only 368 participants provided information on income. † Only 8 participants were current smokers. ‡ Sum of 7 common chronic medical conditions (diabetes mellitus, hypertension, heart disease, cancer, thyroid disease, head injury, and stroke).
CESD indicates Center for Epidemiologic Studies of Depression. 
DISCUSSION
To our knowledge, this prospective study of older adults is the first to suggest that better financial literacy is related to lower risk of hospitalization. This association was independent of cognitive function, socioeconomic status (SES), and health factors. Subanalyses of 2 key aspects of financial literacy showed that this finding was primarily driven by conceptual knowledge rather than numeracy. There was some evidence that the association was stronger for elective hospitalizations. These findings build on a growing body of research indicating that financial literacy is associated with better health and well-being in old age. Previous work on hospitalizations has largely focused on health literacy, the ability to read and comprehend medical and health-related materials, but present findings indicate that the ability to understand and utilize financial concepts may be also be important to keeping older adults out of the hospital.
Previous studies have shown that financial literacy is associated with health, well-being, and health care choices. A survey of British households found that higher financial literacy was associated with better self-reported health and psychological well-being. 11 In a previous study, we showed that lower financial literacy was associated with greater disability, depression, and loneliness. 5 We also found that financial literacy was as strongly associated with health care decision making (choosing an optimal health insurance plan) in older persons. 6 Thus, there is precedent for financial literacy being related to more than explicitly monetary situations, although literature on hospitalization outcomes is very limited. One recent study of patients with acute heart failure looked specifically at numeracy and reported that low numeracy was associated with increased odds of hospital and emergency room recidivism, but the study sample was limited to a specific disease and previously hospitalized patients. 37 A parallel body of literature has examined the role that health literacy plays in hospitalization. One research group found that a high proportion of hospital patients showed illiteracy for health materials 20 and that patients with inadequate health literacy were more likely to report hospitalization in the previous year 21 and twice as likely to be hospitalized prospectively over a 2-year period. 19 In a small sample of rheumatoid arthritis patients, those with lower literacy had 3 times the number of outpatient visits, though statistical tests were not reported, 38 whereas a recent study found an inverse association between health literacy and levels of preventable hospitalization at the county level. 22 Taken together, previous literature has showed that financial literacy is associated with health outcomes in older adults, and that functional literacy in specific domains is associated with hospitalization. This study is the first that we are aware of to explore the association of financial literacy with hospitalization in older adults. Because it is unknown whether the association of financial literacy with hospitalization is general in nature or driven by key aspects of financial literacy, we examined the relationship of numeracy 37 as well as knowledge of financial concepts and institutions, which to our knowledge has not been examined in the context of hospitalization. We found that the conceptual knowledge subscale was associated with hospitalization while the numeracy subscale showed a nonsignificant trend. This may indicate that being familiar with important financial institutions and concepts for living in modern society is as, or more, important to staying out of the hospital than general ability to work with numbers. Conceptual knowledge reflects financially relevant skills, experiences, and resources gained over the life span, whereas numeracy is likely more related to current cognitive flexibility and/or general cognitive function. Thus, broad financial knowledge and experience gained over many years may be related to hospitalization in old age, though more research is needed to confirm this. Alternately, we cannot rule out knowledge of financial concepts and institutions being a proxy for experience and familiarity with other institutional entities such as government, education, legal, and the health system. Similarly, we cannot rule out the possibility that conceptual knowledge captures some aspect of affluence or privilege beyond education and income that is related to a lower likelihood of hospitalization.
A number of factors may link financial literacy to hospitalization. First, the association could work through socioeconomic pathways, as higher financial literacy could promote higher SES, which in turn may be related to lower likelihood of being hospitalized in older age. However, in our analyses, the association was significant after controlling for education and income. Second, the association could be driven by persons with higher levels of financial literacy experiencing better health status. The findings, however, were essentially unchanged after adjustment for indicators of physical and mental health. Third, problems with financial literacy may be a marker for preclinical cognitive impairments. We controlled for global cognition and conducted a secondary analysis removing persons diagnosed with MCI, and results were unchanged. Financial literacy is a complex ability reflecting lifelong experience, accumulation of knowledge, resources, and adaptations that affects multiple factors related to health, and additional work is needed to determine the basis of the association with hospitalization. One consideration is that some hospitalizations, particularly elective ones, are not merely indicators of health status but also involve financial considerations such as coverage for procedures, outof-pocket costs and deductibles, and time off of work. There was some evidence that the association with financial literacy may be stronger for elective hospitalizations, which may suggest that medical decision making and financial considerations may also be important factors to explore further.
This study has a number of strengths and limitations. Strengths include the use of a community-based sample of older adults without dementia who underwent detailed assessment of financial literacy and were followed prospectively rather than a retrospective review of a hospital cohort. The linkage of survey and clinical data with Medicare records provides a robust method to observe all or the majority of hospitalizations for participants within the observation period. In addition, the availability of detailed data on health, SES, and other covariates allowed us to adjust for a number of potential confounders. A limitation is that sufficient data on health literacy were not available, so a direct comparison of the relationships of financial and health literacy with hospitalizations was not feasible. However, health literacy assessment began in 2010, which will allow for this comparison in our future research. The numeracy subscale displayed poor internal consistency and we cannot rule out the possibility that this did not contribute to the findings regarding numeracy. Another limitation is the brief follow-up time of <2 years on average, which did not allow for more complicated modeling of multiple hospitalizations or time-toevent analyses. Hospitalizations that did not involve claims submitted to Medicare would not be observable in this dataset; however, over 90% of the participants in the parent study provided a Medicare ID, and <1% reported Veterans Affairs as their primary health care service, suggesting that the vast majority of hospitalizations were captured. This dataset does not include data regarding why persons with higher financial literacy were less likely to be hospitalized; namely, whether they were less likely to become sick or less likely to elect to go to the hospital at the same level of sickness. Although this analysis controlled for the influence of a number of factors, we cannot rule out unmeasured confounding, especially by socioeconomic factors and health status. Finally, the participants of this study were predominantly white, female, and highly educated, and therefore the results may not be generalizable to other populations of older adults.
These findings are the first that we are aware of to support the notion that the ability to access, understand, and utilize financial concepts may represent a potentially modifiable risk factor associated with a lowered likelihood of being hospitalized in later life. In contexts where it may not be possible to enhance financial literacy, such as populations that are educationally or cognitively challenged, low financial literacy may still serve as an identifier of persons at elevated risk of hospitalization requiring interventions such as added assistance, counseling, or social services. The study serves as proof of principle that financial literacy may be associated with risk of hospitalization. Further work is necessary to further explore the specific pathways underlying this association and to extend the results beyond a well-educated cohort of older persons.
